Development of an ATP force field for coarse-grained simulation of ATPases and its application to the maltose transporter.
The biological functions of ATPases, such as myosin, kinesin, and ABC transporter, are due to large conformational motions driven by energy obtained from ATP. Elucidation of the mechanisms underlying these ATP-driven movements is one of the greatest challenges in computational chemistry. It has been shown that the MARTINI coarse-grained method is a promising tool for the investigation of large conformational motions in various proteins. However, this method has not yet been applied to ATPases because of the lack of a force field for the ATP molecule. Here, we developed force field parameters for the ATP molecule and conducted simulations using these parameters for the subunits (MalK2 ) and the full-length structure (MalFGK2 -E) of a maltose transporter. It was found for both targets that the dimerization of the nucleotide binding domains (NBDs) is induced upon ATP binding. Moreover, for the full-length transporter, the conformational transition from the pre-translocation state to the outward-facing state was observed and was accompanied by an initial transport motion of the substrate. It is expected that coarse-grained simulations utilizing the parameters for the ATP molecule developed here will serve as a powerful tool for investigating other ATPases as well. © 2019 Wiley Periodicals, Inc.